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Abstract 
Two approaches to control the vibration and acoustic fields of composite mechanical structures that are being developed in the 
A.A.Blagonravov Institute are presented. One approach is based on the use of coatings made of acoustic or mechanical 
metamaterials. Another approach is based on controlling coupling between substructures. A new impedance theory of fluid-
structure interaction and composite structural vibrations is a key point of the approaches. Examples of application of the 
approaches for two practical problems are given. One problem is the construction of a nonscattering acoustic coating, and the 
other is the design of mechanical structures of space instruments of minimal mass with prescribed strength and vibroacoustic 
properties. 
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1. Introduction 
Nowadays the problem of controlling vibration and acoustic fields of mechanical systems is of great importance 
to industry. In many cases, the traditional methods and means of noise and vibration control by isolation and 
absorption do not provide efficient results, mostly because of excessive additional mass and/or volume, so new 
approaches to treating the problem are required. 
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Among relatively new approaches, the active noise and vibration control is now reasonably well established. The 
active methods are based on the use of additional vibration and/or acoustic sources which suppress the primary 
fields. Since the first international congress on the topic held in 1995, a lot of useful scientific and technical results 
have been obtained in this field [1]. However, the rapid start of research and development in noise and vibration 
control has slowed due to some technical problems of implementation. 
One new and attractive approach to controlling the vibroacoustic fields appeared some years ago. It is based on 
construction of so-called acoustic metamaterials (AMM). These are artificially designed periodic structures, made of 
rather complicated cells of small wave dimension having a number of internal degrees of freedom. Depending on the 
cell structure, these materials can demonstrate unusual refractive and damping properties earlier unknown. The 
theoretical and experimental results obtained so far show large potential of AMMs in controlling the vibroacoustic 
fields [2]. In one of the approaches reported here we use AMM to construct a nonscattering coating that makes 
arbitrary body acoustically invisible. 
2. The impedance method of dynamic analysis of a complex elastic structure 
First, let us briefly introduce the impedance method we use for dynamic analysis of complex vibratory systems. 
This method is based on decomposition of a system into several subsystems and on description of subsystems by 
special impedance characteristics that are defined at their interfaces.  
Generally, the impedance characteristic of a system is a ratio of the external point force f to the velocity response 
v at the same or another location point. This characteristic is defined for the harmonic vibration of linear systems 
and it is complex function of frequency. In the case of N point forces f(i) excitation, the impedance NxN –matrix Z 
is used so the forces and velocity  responses at these N points are related by the equation f = Zv. If the external force 
is continuously distributed on some surface S, a special type of impedance characteristics should be introduced [3]. 
It is defined as the ratio of the distributed forces f(s) on S which cause the velocity response v(s) on S of the same 
form: f(s) = Zv(s). By this definition, Z has the same value at all points on S and is called the generalized impedance. 
The corresponding function v(s) is called the impedance form.  
Having characterized by such impedances each subsystem of the vibratory system under study and employing the 
usual boundary conditions at the interfaces, one can obtain the solution for the vibroacoustic field of the whole 
system in terms of the subsystem impedances and external loading. 
2.1. Non-scattering coating 
The impedance method occurred to be very useful for treating various modifications of the fluid-structure 
interaction problem. One of them is the following: find the surface impedances of a body that render it 
nonscattering. Such impedances were obtained analytically using the calculus of variations, and a corresponding 
coating structure (AMM) that realizes them was proposed [4,5]. It is a doubly periodic cell structure with cells of 
small wave dimension (see Fig.1). In this model individual cells are characterized by impedance Z0; each cell is  
 
 
Fig. 1. Impedance model of the coating structure. 
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connected to four cells in close proximity. Couplings are characterized by impedance Z1: the interaction forces 
between two adjacent cells are proportional to the difference between their normal velocities with proportionality 
coefficient Z1. These impedance characteristics are chosen so that nonscattering impedance conditions are satisfied. 
Computer simulations show that such simple model of coating structure can reduce the scattered power by more 
than two orders of magnitude in the low- and mid-frequency range. This solution has a good perspective for 
practical implementation. 
2.2. Lightweight supporting structure design for space instruments 
The impedance method was also used in design of some space science instruments of minimal mass. From 
mechanical point of view, a space instrument consists of several modules (subsystems) including electronics, 
measurement detectors and so on assembled in one system, which operate under high level mechanical environment. 
Some elements of the instrument are very sensitive to shock and vibration, and have to be well protected. The 
problem is to design the instrument of minimum mass that satisfies the strength requirements and has efficient 
protection means. 
To solve the problem, first a prototype of the instrument structure which satisfies the strength and protection 
requirements is designed, and its vibrations are computed by the impedance method. As follows from the impedance  
solution, transmission of shock and vibration from the spacecraft to detectors and other sensitive elements of the 
instrument strongly depends on the coupling between subsystems (the coupling is defined as the product of the 
impedance forms of the coupled subsystems integrated over their interface). It has been observed, the coupling is 
extremely sensitive to some structural alterations, especially to those that are made near subsystem interfaces. Even 
small alterations of the subsystems, e.g. geometrical, can noticeably reduce the coupling and, hence, vibration 
transmission, allowing one to remove corresponding excessive mass from the initial protection means. The final 
instrument construction is the result of several such iterations. This is the main idea of our second approach. 
    As an example, Figure 2 shows the space science instrument LEND (Lunar Exploration Neutron Detector) that 
has been designed using the technique described. Compared to the prototype, its mass has been 13% reduced (from 
30 kg to 26 kg) without decrease of the needed strength and protection properties [6]. Similar results were obtained 
in several other projects using the approach. 
 
 
 
Fig. 2. Space science instrument LEND (Flight Unit). 
3. Conclusion 
Two new approaches of controlling vibroacoustic fields of composite vibratory systems are described. Both 
approaches are based on modeling subsystems by the impedances specially defined at their interfaces. The first 
approach employs coatings of acoustic metamaterials, while the second approach consists in controlling vibration 
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coupling between subsystems. The approaches have a large field of possible applications. Two examples of 
applications are presented here: the construction of a nonscattering acoustic coating, and the design of mechanical 
structures of minimal mass. 
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